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Description 

[0001] The present invention relates to a process for 
producing inorganic microspheres. 
I0002] Solid inorganic microspheres or mlcrobeads 5 
are prepared usually by the following methods: 
[00D3] A method wherein a precursor is formed into 
microspheres, followed by heat treatment (method 1). 
A method for producing them by a sol-gel method (meth- 
od 2). A method for producing them directly by spraying »o 
a molten material (method 3). A method wherein irreg- 
ular shaped (crushed) particles made of the same ma- 
terial as the desired microspheres, are fused in a high 
temperature flame to produce them (method 4), 
[0004] Method 1 Is used to produce inorganic silica 
microbeads by heat treating spherical silica gel as the 
precursor. However, this method is not efficient, since it 
is necessary to produce the spherical silica gel as the 
precursor, and the process tends to be long accordingly. 
[0005] Method 2 is used to produce inorganic silica 20 
microbeads by a sol-gel method by hydrolyzing an 
aikoxlde in the presence of alkali. However, the cost for 
the starting material is high, and it is not an inexpensive 
production method. 

[000$] Method 3 is limited to a glass such as a titani- 25 
urn-barium type glass, whereby the molten material has 
a hjnh fluidity, low viscosity and hlfjh surfpc* tension, 
and the composition of the material is restricted. 
[0007] Method 4 is widely employed for the production 
of glass beads. However, when dried glass powder is 39 
dispersed In a high temperature hot air, the glass pow- 
der tends to agglomerate as its size reduces, and par- 
ticles tend to fuse^t the lime of melting the glass, where- 
by it has been difficult to obtain microbeads having a 
uniform particle size distribution and spherical shape. 35 
[0008] With respect to inorganic hollow microspheres, 
glass microballoons and processes for their production 
have been proposed, for example, in JP-B-49-37565, 
JP-A-58-1 56551, JP-A-61-14147 and JP-B-4-3701 7. 
[0009] Namely, JP-A-58- 156551 discloses a process «o 
which comprises melting materials such as Si0 2 , 
H3BO3, CaC0 3 , Na 2 C0 3 , NH 4 H 2 P0 4 and Na 2 S0 4 at a 
high temperature of at least 1 ,000°C to form a glass con- 
taining a sulfur content, then pulverizing the glass in a 
dry system, followed by classification to obtain fine glass 4 $ 
powder, which is then dispersed and retained in a flame, 
so that it is foamed by the sulfur content serving as a 
blowing component to form borosilicate type glass mi- 
croballoons. 

[0010] Further. JP-8-4-37017 discloses a method 50 
wherein fine powder having a glass-forming component 
and a blowing component carried on silica gel, is baked 
in a furnace to obtain glass microballoons. 
[0011] In such conventional methods, dried glass fine 
powder is dispersed in a high temperature hot air, so 55 
that glass is heated, whereby the viscosity of the glass 
decreases, and at the same time, a gas will be gener- 
ated from the blowing component by thermal decompo- 



sition. By the surface tension, the particle shape be- 
comes spherical, and at the same time, the particles be- 
come hoBow due to the gas generated in the particles. 
As mentioned above, in the conventional methods, dried 
glass fine powder is dispersed in a high temperature hot 
air. whereby glass powder tends to agglomerate as the 
particle size becomes small, and some particles are like- 
ly to fuse drying melting the glass. Accordingly, it has 
been difficult to obtain glass microballoons which are 
fine and have a uniform particle size. Further, dry pul- 
verization is used in the process for obtaining the glass 
powder, and classification is required to make the par- 
ticle size of the product balloons uniform, whereby a 
dust is formed, thus leading to a problem of environmen- 
tal pollution, and at the same time, the yield of pulverized 
fine powder tends to be low, and agglomeration of the 
glass powder is likely to occur during heating. Conse- 
quently, it has been difficult to obtain glass microbal- 
loons having an uniform particle size efficiently in good 
yield. A long time has been required for pulverization, 
and the classification operation of the glass powder has 
been cumbersome. 

[001 2] Further, in these methods, to recycle fine pow- 
der other than of a desired particle size formed in the 
step of classification of the materials and/or the prod- 
ucts, it has been required to remelt the fine powder to 
form cullets. whereby recycling is difficult, and the yield 
decreases, in the case of both microbeads (solid 
spheres) and microballoons (hollow spheres). 
[0013] Further, JP-A-6-263464 discloses a method 
which comprises dispersing a precursor of glass in wa- 
ter, spraying the dispersion to form liquid droplets, and 
heating and fusing liquid droplets to form glass micro- 
balloons. 

[0014] Further, EP-A-0 598 464 discloses a homoge- 
nous amorphous aluminium phosphate composition 
with a surface of 100 to 300 rr^/g and a pore volume in 
pores with a diameter of less than 1000 nm of at least 
1.0 cm 3 /g, in which phosphorous and aluminium are 
present in a molar ratio in the range from 0.9:1 to 1:1, a 
process for the production thereof and the use thereof. 
US patent 5,496,403 discloses a process for preparing 
inorganic or ceramic pigments by mixing the starting 
materials in the presence of water and in the presence 
or absence of mineralizers. drying and subsequent cal- 
cinating in a rotary furnace, with or without subsequent 
milling, washing and/or drying of the fired products. US 
patent 4,333.857 discloses microspheres (average par- 
ticle diameter is 50 to 70 microns) produced by spray 
drying water slurries of zeolite compositions which are 
used for a hydrocarbon conversion catalyst Further, US 
patent 4.352,717 discloses a process for producing a 
spherical grain-fenite powder comprising the steps of 
dispersing finely powdered ferrite-forming raw materials 
in alcohol, spraying the resulting suspension into a hot 
air zone at a temperature in the range of 700° C to 
1500°C. and keeping the sprayed raw materials in the 
same zone to carry out the granulation, ferrite-formation 
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and sintering of the same while it remains in said high 
temperature zone. 

[001 5] It is an object of the present invention to solve 
the above-mentioned problems of the prior art and thus 
to provide a process for producing inorganic micro- 
spheres as microbeads (solid spheres) and/or microbal- 
loons (hollow spheres) having fine and uniform particle 
sizes and easy recycling, which is efficient and applica- 
ble in a wide range. 

[001 6J The present invention provides a process for 
producing inorganic microspheres, which comprises 
pulverizing a material by wet pulverization with a flam- 
mable liquid to an average particle size of at most 5 urn 
to obtain a slurry containing a pulverized powder mate- 
ria! and the flammable liquid, spraying the slurry to form 
liquid droplets, and heating the liquid droplets by com- 
bustion of the flammable liquid of the slurry to fuse or 
sinter the powder material to obtain inorganic micro- 
spheres. 

[001 7J The present invention is suitable particularly 
for processes for producing inorganic microbeads (solid 
spheres) and inorganic microballoons (hollow spheres) 
having an average particle size of at most 50 jim. which 
used to be difficult to produce on an industrial scale in 
a large quantity and at low costs. 
[0018] In the present invention, as the material, not 
only an inorganic material, but also a material which can 
be converted to an inorganic material by heating and 
burning, can be used. Further, as the powder material, 
a single substance material or a glass powder or a so- 
called glass formulation mixed powder material pre- 
pared by mixing plurality of mutually different powder 
materials or glass powder to have a desired composi- 
tion, may be used. 

[0019] Hereinafter, production of glass microbeads 
(solid spheres), glass microballoons and microspheres 
(hollow spheres) having functional powder dispersed 
therein, will be described. However, other inorganic mi- 
crobeads such as alumina microbeads and silica mi- 
crobeads as well as other inorganic microballoons can 
be produced in the same manner by changing the com- 
position of the material. 

[0020] When glass microbeads are to be produced, a 
mixed powder material is prepared by mixing various 
powder materials to have a desired composition. The 
materials to be used for the preparation of the mixed 
powder material include, for example, silica sand, silica 
gel, fumed silica, fine silica powder, alumina, sodium 
sulfate, sodium carbonate, sodium borate, boric acid, 
zinc oxide, titanium d ioxide, calcium oxide, calcium sec- 
ondary phosphate, potassium sulfate, potassium car- 
bonate, potassium oxide, lithium sulfate, lithium carbon- 
ate, lithium oxide, lead oxide and glass made from these 
materials. However, the materials are not limited to 
these inorganic substances, and may be organic sub- 
stances. 

[0021] As a glass obtainable by such a mixed powder 
material, borosilicate glass, sod a lime glass or zinc 



phosphate glass may, for example, be mentioned. How- 
ever, the glass is not limited to such examples. The boro- 
silicate glass is a gjass comprising SiO r B 2 0 3 -Na 2 0 as 
main components, and it is used for physical and chem- 

5 ical instruments and is excellent in heat resistance. The 
sodalime glass comprises Si0 2 -CaO-Na 2 0 as main 
components and is usually used for sheet glass or glass 
for bottles. The zinc phosphate glass comprises P 2 O s - 
ZnO as main components and is used as low melting 

io glass. A glass comprising SiO r Ti0 2 as main compo- 
nents has a small thermal expansion coefficient and is 
useful as a filler for resins. 

[0022] Using silica or alumina alone, it is possible to 
produce silica microbeads or alumina microbeads, re- 
ts spectively. 

[0023] By incorporating a blowing agent which de- 
composes and generates a gas at a temperature at 
• which the mixed material is vitrified, to the mixed powder 
material, it is possible to produce glass microballoons. 
20 [0024] The blowing agent generates a gas when the 
glass formulation mixed material is vitrified to form 
spheres under heating and thus has a function to make 
the vitrified molted glass hollow. 
[0025] Specifically, the blowing agent may. for exam- 
25 pie, be a sulfate, a carbonate, a nitrate or an acetate of 
sodium, potassium, lithium, calcium, magnesium, bari- 
um, aluminum or zinc. Such a blowing agent Is incorpo- 
rated preferably in an amount of from 0.05 to 20.0 wt% 
as calculated as S0 3 , N0 2 or C0 2 in glass. The content 
30 is adjusted depending upon the particle size of the prod- 
uct and the degree of foaming. As the base material for 
glass microballoons, borosilicate glass is preferred, 
since it has high strength and whereby the degree of 
alkali elution is tow. 
35 [0026] In the present invention, the powder material 
is subjected to wet pulverization, whereby it is possible 
to obtain inorganic microspheres wherein titanium diox- 
ide, cerium oxide, zinc oxide, copper, silver, tin oxide or 
antimony pentoxide, which used to be hardly uniformly 
40 incorporated, is incorporated extremely uniformly in a 
particle form. 

[0027] Among them, inorganic microspheres contain- 
ing titanium dioxide, cerium oxide or zinc oxide, have an 
ultraviolet ray-absorbing function. Further, inorganic mi- 

45 crospheres containing copper, silver or tin oxide have 
an electromagnetic shielding function. Likewise, inor- 
ganic microspheres containing titanium dioxide have a 
photocatalytic function. Further, inorganic microspheres 
containing silver or copper have an antibacterial func- 

50 tion. Inorganic microspheres containing antimony pen- 
toxide have a flame retarding function. 
[0028] In the present invention, the powder material 
is pulverized by wet pulverization to an average particle 
size of at most 5 jim. If the average particle size exceeds 

55 5 urn, precipitation of powder material tends to take 
place in the slurry, whereby it tends to be difficult to ob- 
tain microspheres. This average particle size is prefer- 
ably at most 3 um, more preferably at most 1 pm. 
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[0029] As compared with dry pulverization, the wet 
pulverization is easy for fine pulverization and free from 
environmental pollution by a dust. The liquid to be used 
for the wet pulverization is a flammable liquid such as 
kerosine. light oil, heavy oil, or an alcohol, may, for ex- 
ample, be mentioned. Among them kerosine, alcohol or 
light oil is particularly preferred, since it is easy to handle 
the price is economical and easy to purchase. 
[0030] Further, it is preferred to use the same liquid 
as used for the preparation of the slurry and then com- 
bustion, whereby the production process can be simpli- 
fied. The concentration of the mixed material in the liquid 
in the wet pulverization step is preferably such that the 
amount of the liquid is adjusted so that the concentration 
of the mixed material will be the same as the concen- 
tration of the mixed material in the slurry which will be 
sprayed, whereby the production process will be simpli- 
fied. 

[0031] The wet pulverizer to be used, is preferably a 
medium-agitation type mill such as a beads mill, where- 
by fine pulverization can readily be carried out, and dis- 
persion uniformity of different types of powder material 
will be improved. However, the pulverizer may be any 
other wet type pulverizer. To minimize contamination 
from the material of the pulverizer, the material for the 
liquid-contacting portion thereof is preferably selected 
from the same materia! as the ™owder materia!, such as 
quarts, alumina, zirconiaor a composite ceramics of alu- 
mina and zirconia, which is excellent in the abrasion re- 
sistance. 

[0032] If the slurry of the mixed material thus obtained 
does not have a prescribed concentration, an additional 
•liquid may be added for dilution, or the slurry may be 
concentrated to the prescribed concentration. If the con- 
centration of the solid content in the slurry is too low, the 
productivity and the economical efficiency will decrease, 
and if it is too high, the viscosity increases, whereby it 
will be difficult to form fine liquid droplets, and conse- 
quently it will be difficult to obtain inorganic micro- 
spheres having a uniform and small particle size. The 
concentration of the mixed material in the slurry is pref- 
erably within a range of from 5 to 50 wt%. more prefer- 
ably from 1 0 to 40 wt%. 

[0033] A surfactant may be incorporated for disper- 
sion of this slurry, for stabilizing the dispersion or for re- 
ducing the viscosity of the slurry. As such a surfactant, 
a nonionic surfactant, a cationic surfactant, an anionic 
surfactant or a polymer type surfactant may, for exam- 
ple, be employed. Particularly preferred is an acid-con- 
taining oligomer type polymer surfactant. 
[0034] As the liquid constituting the slurry, a flamma- 
ble liquid is used so that it will subsequently be sprayed 
and also burned for heating. As such a flammable liquid, 
an organic medium such as a hydrocarbon, an alcohol, 
an ether or a ketone may, for example, be employed. 
From the viewpoint of handling efficiency, the one hav- 
ing a boiling point of at least 50°C is preferred. Particu- 
larly kerosine, light oil and an alcohol are easy to handle. 



inexpensive and readily combustible, whereby the 
mixed material can efficiently and uniformly be heated, 
and thus they are suitable for a liquid constituting the 
slurry of the present invention. 
5 [0035] Such a slurry is sprayed to form liquid droplets, 
and the liquid droplets are heated, whereby the powder 
material contained in the liquid droplets will fuse or sinter 
to form microspheres. When the powder material Is a 
glass formulation mixed powder material, it will be melt- 
Jo ed to form glass microspheres. 

[0036] For the spraying. It is possible to employ a 
spraying device such as a liquid column or liquid film 
type two fluid nozzle, or an ultrasonic sprayer. From the 
viewpoint of mass production and efficient atomizatbn, 
*5 it is preferred to use a two fluid nozzle. For preventing 
the appearance of irregular shaped submtcron powders, 
the gas to be used for spraying is preferably air, oxygen 
gas containing a non-flammable gas or non-flammable 
gas itself such as carbon dioxide gas, nitrogen gas or 
20 combustion exhaust gas to control the combustion rate 
of the flammable liquid. If the gas for spraying is pure 
oxygen, the combustion rate will be high, whereby non- 
granulated powder tends to deposit on the surface of 
formed microspheres, or classification will be required 
25 depend on usages, such being undesirable. 

[0037] Combustion of the flammable liquid is carried 
out while supplying oxygen gas or a combustion-assist- 
ing gas containing oxygen gas. The oxygen gas concen- 
tration influences the combustion temperature and is 
30 therefore suitably selected depending upon the temper- 
ature for fusing or sintering the powder material. If the 
oxygen gas concentration is too low, the temperature 
during the fusing and/or sintering will be low, whereby 
formation of microspheres will be inadequate. Further, 
35 in a case where no adequate energy for fusing or sin- 
tering the powder material can be attained by the com- 
bustion of the flammable liquid, supplemental heating 
may be earned out by an electrical heater or supplemen- 
tal furnace. 

40 [0036] In the case of microbailoons, when the liquid 
droplets are heated, the powder material is melted, and 
due to its surface tension and by the gas generated by 
the blowing agent, microspheres will be formed. 
[0039] The heating temperature depends on the tem- 
45 perature at which the powder material fuses or sinters 
and on the residence time. Specifically, the temperature 
is from 300 to 2.500°C. 

[0040] Formed inorganic microspheres are recovered 
by a conventional method such as recovery method by 
so means of a bag filter or a wet system packed bed. 
[0041] Inorganic microbeads (solid spheres) and/or 
inorganic microbailoons (hollow spheres) thus pro- 
duced have an average particle size of from 0.1 to 20 
jim, wherein particles having particle sizes of at most 50 
55 um constitute at least 90% of the entire particles. 

[0042] The inorganic microspheres produced by the 
present invention are suitable as a filler. For example, 
when they are incorporated to a resin, warping or defor- 
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mation will be small, and smoothness of a molded sur- 
face will be high, since surface smoothness of micro- 
spheres is high, and thus they are suitable as a filler to 
be used for precision machines and instruments. In the 
case of microballoons, weight reduction can be acconv s 
plished. Further, in the case of micro beads, it is possible 
to optionally select a material containing little eluting im- 
purities, and they undergo little expansion or shrinkage 
and can be loaded in a high proportion, whereby such 
microbeads are particularly suitable for a filler for sealing 
semiconductors such as IC or LSI, as a filler which 
scarcely leads to an electronic device error. The inor- 
ganic microspheres produced by the present invention 
have good slip properties and show little adsorption of 
e.g. oil and fat, whereby they are suitable for incorpora- 
tion to cosmetics. Especially, alumina microbeads, silica 
microbeads and sllica-titania glass microbeads* pro- 
duced by the present invention are particularly excellent 
In the above properties and suitable for the above ap- 
plications. 

[0043] Further, inorganic microspheres containing a 
powder having a certain specific function such as an uk 
traviotet absorbing function, a flame retarding function, 
an electromagnetic shielding function, a photocatalytic 
function or an antibacterial function, can be used in a 
wide range of applications, as they impart a high per- 
formance to conventional fillers. Especially, silica mi- 
crobeads containing a powder having the above-men- 
tioned function, not only have such a function, but also 
are excellent in slip properties as they are spheres. 
[0044] According to the present invention, it is possi- 
ble to obtain inorganic microspheres having a uniform 
particle size. This may be explained as follows. Namely, 
the mixed material and the liquid are mixed to obtain a 
slurry, the slurry is formed into fine liquid droplets having 
a uniform particle size, which are then heated, so that 
the mixed material powder contained in each liquid 
droplet is heated, and fuses or sinters or foams to form 
ar> inorganic microsphere. Especially when a glass for- 
mulation mixed material is used, vitrification can simul- 
taneously be accomplished, whereby the process can 
be substantially shortened. 

[0045] Now, the present invention will be described in 
further detail with reference to Examples. However, it 
should be understood that the present invention is by 
no means restricted to such specific Examples. 

EXAMPLE 1 

Production of glass microbeads 

[0046] 87.5 g of silicon dioxide, 1 7.4 g of sodium car- 
bonate. 21.9 g of calcium oxide, 33.4 g of boric acid, 
1.35 g of zinc oxide. 0.65 g of aluminum oxide, 5.3 g of 
calcium secondary phosphate. 3.3 g of lithium carbon- 
ate and 2 g of potassium carbonate were mixed to 700 
g of kerosine, and the mixture was subjected to wet pul- 
verization by means of a beads mill to prepare a slurry 



of the material. 

[0047] The beads mill used, was made of zirconia and 
had an internal capacity of 1,400 ml. Beads made of zir- 
conia having an average diameter of 0.65 mm were 
used in an amount of 1,120 ml. The pulverization was 
carried out for 30 minutes at a rotational speed of 2,500 
rpm to obtain fine powder. The obtained fine powder of 
m wed material was observed by a scanning electron mi- 
croscope, whereby the average particle size was 0.5 
um 

[0048] Using air as a spraying gas, the slurry was 
sprayed into air by a two fluid nozzle and, by bringing a 
flame close thereto, ignited to carry out spray combus- 
tion to obtain fine particles. The combustion tempera- 
ture at that time was 1,200*0. The fine particles were 
recovered by a bag filter, and the following measure- 
ments were carried out with respect to the fine particles. 
[0049] The average particle size was 8 um as meas- 
ured by light scattering method, and particles of at most 
30 um constituted 95% of the entire particles. From the 
observation by a scanning electron microscope, each 
particle was found to be spherical. Further, from the re- 
sult of measurement of the specific gravity by a gas- 
change type specific gravity meter, the fine particles 
were found to be solid bodies. Further, from the results 
of the X-ray diffraction measurement, each particle was 
confirmed to be glass. 

EXAMPLE 2 

Production of alumina microbeads 

[0050] 183.5 g of aluminum hydroxide powder was 
mixed Into 600 g of kerosine. followed by wet pulveriza- 
tion In the same manner as in Example 1 by means of 
a beads mill to prepare a slurry of the material. 
[0051] The aluminum hydroxide was recovered from 
the obtained slurry of the material and observed by a 
scanning electron microscope, whereby the average 
particle size was 0.5 um 

[0052] Using carbon dioxide gas as a spraying gas, 
the slurry of the material was sprayed into 100 vol% ox- 
ygen in a tubular furnace set at 2,500°C by means of a 
two fluid nozzle and, by bringing a flame close thereto, 
ignited to carry out spray combustion to obtain fine par- 
ticles. The fine particles were recovered by a bag filter, 
and the same measurements as in Example 1 were car- 
ried out. As a result, the average particle size was 5 \im, 
and particles of at most 30 urn constituted 97% of the 
entire particles. From the results of the scanning elec- 
tron microscopic observation and the specific gravity 
measurement, each particle was found to be a spherical 
solid body. Further, from the results of the X-ray diffrac- 
tion measurement, the fine particles were confirmed to 
be a-alumina. 
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EXAMPLE 3 

Production of glass microbeads containing functional 
powder 

[0053] A formulation material prepared by mixing 
49.00 g of silicon dioxide, 9.72 g of sodium carbonate, 
12.24 g of calcium oxide, 18.70 g of boric acid, 0.76 g 
of zinc oxide, 0.36 g of aluminum oxide, 2.97 g of calci- 
um secondary phosphate, 1.85 g of lithium carbonate 
and 1 . 12 g of potassium carbonate, and 36.0 g of cerium 
oxide having an ultraviolet ray absorbing function, were 
mixed into 600 g of kerosine, followed by wet pulveriza- 
tion by means of a beads mill to obtain a slurry of the 
formulation material. 

[0054] The beads mill used, was the same as used in 
Example 1 , and the pulverization was carried out at a 
rotational speed of 2,500 rpm for 40 minutes. A solid 
content was recovered from the obtained slurry of the 
formulation material and observed by a scanning elec- 
tron microscope, whereby the average particle size was 
0.4 urn 

[0055] Using air as a spraying gas, the slurry was 
sprayed into air by a two fluid nozzle and. by bringing a 
flame close thereto, ignited to carry out spray combus- 
tion to obtain fine particles containing a functional pow- 
der. The combustion temperature at that time was 
1,200°C. The fine particles were recovered by a bag fil- 
ter and the same measurements as in Example 1 were 
carried out, whereby the average particle size was 7 |im, 
and particles of at most 30 jim constituted 93% of the 
entire particles. From the scanning electron microscopic 
observation and the specific gravity measurement, each 
particle was found to be a spherical solid body. 30 wt% 
of the fine spherical solid bodies. 20 wt% of liquid par- 
affin and 50 wt% of vaseline were mixed and sand- 
wiched in a thickness of 25 ujn between quartz plates, 
whereupon the light transmittance was measured, and 
the transmittance of ultraviolet rays of 320 nm or less, 
was not higher than 23%, thus indicating an excellent 
ultraviolet ray absorbing function . 
[0056] Now, Examples for producing silica ml- 
crobeads will be described. 

EXAMPLE 4 

[0057] 250 g of silica sand powder and 12 g of an acid- 
containing oligomer were mixed into 600 g of kerosine, 
followed by wet pulverization in the same manner as in 
Example 1 using a beads mill to obtain a slurry of the 
material. Silica sand was recovered from the obtained 
slurry of the material and observed by a scanning elec- 
tron microscope, whereby the average particle size was 
0.2 jim. 

[0058] Using carbon dioxide gas as a spraying gas, 
the slurry of the material was sprayed into 80 vol% ox- 
ygen by a two fluid nozzle and, by bringing a flame close 
thereto, ignited to carry out spray combustion to obtain 



fine particles. The fine particles were recovered by a bag 
filter, and the same measurements as in Example 1 
were carried out, whereby the average particle size was 
3 \im, and particles of at most 10 urn constituted 93% 

5 of the entire particles. From the results of the scanning 
electron microscopic observation, the X-ray diffraction 
measurement and the specific gravity measurement, 
the fine particles were found to be spherical non-porous 
amorphous bodies. From the results of the specific grav- 

10 ity measurement, they were found to be solid (non-hol- 
low) bodies. 

EXAMPLES 

is [0059] 100 g of silica gel. 54 g of titanium dioxide hav- 
ing an ultraviolet ray absorbing function and 14 g of an 
acid-containing oligomer were mixed into 600 g of ker- 
osine, followed by wet pulverization by means of a 
beads mill to obtain a slurry of a formulation material. 

20 [0060] The beads mill used, was the same as used in 
Example 4, and the pulverization was carried out at a 
rotational speed of 2,500 rpm for 40 minutes. A solid 
content was recovered from the obtained slurry of the 
formulation material and observed by a scanning elec- 

25 tron microscope, whereby the average particle size of 
the silica gel was 0.2 pjn. 

[0061] Using carbon dioxide gas as a spraying gas. 
the slurry was sprayed into 40 vol% oxygen by a two 
fluid nozzle and, by bringing a flame close thereto, ig- 

30 nited to carry out spray combustion to obtain fine parti- 
cles containing a functional powder. The combustion 
temperature at that time, was 1,500°C. The fine parti- 
cles were recovered by a bag filter, and the same meas- 
urements as in Example 1 were carried out, whereby 

35 the average particle size was 2 urn, and particles of at 
most 1 0 nm constituted 95% of the entire particles. From 
the results of the scanning electron microscopic obser- 
vation and the specific gravity measurement, the fine 
particles were found to be spherical solid bodies. With 

40 respect to these particles, the light transmittance was 
measured in the same manner as in Example 3, where- 
by the transmittance of ultraviolet rays of 320 nm or less, 
was not higher than 20%, thus indicating an excellent 
ultraviolet ray absorbing function. 

45 

EXAMPLE 6 

[0062] The operation was carried out in the same 
manner as in Example 5 except that the spraying gas 
50 was changed to 100 vot% oxygen, and spraying was 
carried out into 100 vol% oxygen, whereby a fine powder 
formed in addition to spherical particles, and a small 
amount of such a fine powder was deposited on the sur- 
face of the particles. 

55 

COMPARATIVE EXAMPLE 1 

[0063] 100 parts of silica sand dry-pulverized to have 
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an average particle size of 23 urn and 5 parts of an acid- 
containing oligomer were dispersed in kerosine to ob- 
tain a slurry having a concentration of 40%. Spraying 
was carried out in the same manner as in Example 5, 
whereby silica sand was separated and precipitated, 
and the spraying was not stabilized, and the obtained 
powder contained irregularly shaped particles and had 
a wide particle size distribution. Accordingly, the powder 
was poor in the sliding properties. 

COM PARATIVE EXAMPLE 2 

[0064} Silica sand powder wet-pulverized in the same 
manner as In Example 5, was recovered from the slurry, 
and the dried fine powder was subjected to spray com- 
bustion in 100 vol% oxygen by liquid propane gas, 
whereby the average particle size of the obtained silica 
particles was 30 um, and a fine powder was deposited 
on the surface of the particles in a substantial amount 
[0065] Now, Examples for producing glass microbat- 
toons will be described. 

EXAMPLE 7 

[0066] 17.5 g of silicon dioxide. 6.7 g of boric acid and 
8.6 g of sodium sulfate were mixed to prepare a glass 
forrriuiauon material, which was subjected to v.*ct pulver- 
ization by a ball mill to obtain a slurry of the glass for- 
mulation material. The ball mill used, was a table type 
ball mitt having an internal capacity of 500 ml and balls 
made of alumina and having diameters of from 10 to 15 
mm were used in an amount of about 250 ml. Into such 
a ball mill, the above glass formulation material and 150 
g of kerosine were introduced and wet-pulverized at 100 
rpm for 8 hours to obtain a slurry of the glass formulation 
material. The glass formulation material was recovered 
from the obtained slurry and observed by a scanning 
type electron microscope, whereby the average particle 
size was 2.1 um. 

[0067] Using air as a spraying gas, the obtained slurry 
of the glass formulation material was sprayed into air 
and, by bringing a flame close thereto, ignited to cany 
out spray combustion, whereby vitrification and produc- 
tion of glass microballoons were carried out simultane- 
ously. The pressure for spraying at that time, was 1.5 
kg/cm 2 , and the size of each liquid droplet was about 20 
um. The obtained glass microballoons were recovered 
by a bag filter and then mixed with water and- subjected 
to centrifugal separation, whereupon the floating ratio 
on water was measured, and about 40 wt% of microbal- 
loons were found to float on the water surface. The av- 
erage particle size of the glass microballoons floating 
on the water surface was 11 um. By the scanning elec- 
tron microscopic observation, particles of at least 30 um 
were found to be less than 5%, and no particle exceed- 
ing 50 um or less than 3um was observed. The apparent 
density measured by a gas-change type specific gravity 
meter was 0.65 g/cm 3 . Further, the obtained glass mi- 



croballoons were found to be vitreous, as a result of the 
X-ray diffraction measurement 

EXAMPLE 8 

5 

[0068] 70.0 g of silicon dioxide. 1 2.9 g of sodium car- 
bonate, 17.5 g of calcium carbonate, 26.7 g of boric acid. 
1.1 g of zinc oxide. 0.5 g of aluminum oxide, 4.2 g of 
calcium secondary phosphate, 2.7 g of lithium carbon- 
10 ate. 1 .6 g of potassium carbonate and 1 .27 g of sodium 
sulfate were mixed into 600 g of kerosine, followed by 
wet-pulverization in the same manner as in Example 1 
using a beads mill to obtain a slurry of a glass formula- 
tion material. 

is [0069] A glass formulation material was recovered 
from the obtained slurry and observed by a scanning 
electron microscope, whereby the average particle size 
was 0.5 um. 

[0070] Using air as a spraying gas, the obtained slurry 

20 of the glass formulation material, was sprayed into air 
by a two fluid nozzle and, by bringing a flame close 
thereto, ignited to carry out spray combustion to obtain 
glass microballoons. The glass microballoons were re- 
covered by a bag filter and then mixed with water, fol- 

25 lowed by centrifugal separation, whereupon the floating 
ratio on water was measured, and about 65 wt% of the 
microbaUoons were found to float on the water surface. 
[0071] The average particle size of the glass micro- 
balloons floating on the water surface was 15 um. By 

30 the scanning electron microscopic observation, parti- 
cles of at least 25 um was found to be less than 5%, and 
no particle exceeding 50 um or less than 3 um was ob- 
served. The apparent density of the product floating on 
water, as measured by an air-comparison type specific 

35 gravity meter, was 0.5 g/cm 3 . The obtained glass micro- 
balloons were found to be vitreous, as a result of the X- 
ray diffraction measurement. 

EXAMPLE 9 

40 

Production of silica-titania glass microbeads 

[0072] 100 g of silica gel having an average particle 
size of 10 um, 6.4 g of titanium oxide having an average 
45 particle size of 0.25 um and 11 g of an acid-containing 
oligomer, were mixed into 600 g of kerosine, followed 
by wet-pulverization in the same manner as in Example 
1 using a beads mill to obtain a slurry of the material. 
[0073] A powder was recovered from the obtained 
50 slurry of the material and observed by a scanning elec- 
tron microscope, whereby the average particle size was 
about 0.2 jim. 

[0074] Using carbon dioxide gas as a spraying gas, 
the slurry of the material was sprayed into a gas com- 
55 prising 40% of oxygen and 60% of carbon dioxide gas 
by means of a two fluid nozzle and, by bringing a flame 
close thereto, ignited to carry out spray combustion to 
obtain fine particles. The fine particles were recovered 
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by a bag filter. From the elemenlal analysis by fluores- 
cent X-ray, the content of titaaia was found to be 6 wt%. 
The average particle size as measured by a laser beam 
scattering method was 3 um, and particles of at most 10 
um constituted 93% of the entire particles. From the re- 5 
suits of the scanning electron microscopic observation, 
the particles were found to be spherical, and from the 
result of the X-ray diffraction measurement, they were 
found to be amorphous. Further, from the result of the 
specific gravity measurement, they were found to be sol- io 
id bodies. Such silica-titania glass microbeads were 
baked in a baking furnace to obtain a formed product, 
and the linear expansion coefficient of the formed prod- 
uct was 0.1 x 10-7 (/o C) 

15 

COMPARATIVE EXAMPLE 3 

[0075] 100 parts of silica sand dry-pulverized to have 
an average particle size of 23 um and 10 parts of titani- 
um oxide having an average particle size of 0.25 um, 20 
were mixed, and this powder was subjected to spray 
combustion in 100 vol% oxygen by liquid propane gas, 
whereby silica particles and titania particles did not com- 
pletely fuse to each other, and from the X-ray diffraction, 
peaks of titanium oxide crystals were detected, whereby 25 
a silica-titania glass powder having a uniform composi- 
tion was not obtained. Further, a fine powder having ir- 
regular shapes was contained in a substantial amount. 

EXAMPLE 10 30 

[0076] 100 g of silica gel having an average particle 
size of 50 |im, 9.5 g of boric acid having an average 
particle size of 25 11m and 11 g of an acid-containing 
oligomer were mixed into 600 g of kerosine, followed by 35 
wel-pulverization in the same manner as in Example 1 
using a beads mill to obtain a slurry of the material. 
[0077] A powder was recovered from the obtained 
slurry of the material and observed by a scanning elec- 
tron microscope, whereby the average particle size was *o 
about 0.2 u.m. 

[0078] Using carbon dioxide gas as 3 spraying gas, 
the slurry of the material was sprayed into 80 vol% ox- 
ygen by means of a two fluid nozzle and, by bringing a 
flame close thereto, ignited to carry out spray combus- « 
Uon to obtain fine particles. The fine particles were re- 
covered by a bag filter. By the elemental analysis by a 
wet analysis, Si0 2 was found to be 95 wt%, and B 2 0 3 
was found to be 5 wt%. The average particle size as 
measured by a laser beam scattering method was 3 um. so 
and particles of at most 20 urn constituted 97%. From 
the results of the scanning electron microscopic obser- 
vation and the X-ray diffraction measurement, the par- 
ticles were found to be spherical amorphous bodies. 
From the result of the specific gravity measurement by 55 
a air comparison type specific gravity meter, they were 
found to be solid bodies. 



EXAMPLE 11 

[0079] The operation was carried out in the same 
manner as in Example 1 except thai 82 g of silica gel 
having an average particle size of 50 um, 25 g of boric 
acid having an average particle size of 25 um, 2 g of 
alumina having an average particle size of 10 u/n, 5.5 g 
of sodium carbonate having an average particle size of 
30 um and 11 g of an acid-containing oligomer were 
used. The obtained powder was subjected to elemental 
analysis by ion chromatography, whereby the contents 
of Si0 2 , B 2 0 3 , A^Oj and Na 2 0 were 82 wt%. 13 wt%, 
2 wt% and 3 wt%, respectively. The average particle 
size as measured by a laser beam scattering method 
was 5 um, and particles of at most 20 urn constituted 
95%. From the results of the scanning electron micro- 
scopic observation and the X-ray diffraction measure- 
ment, the particles were found to be spherical amor- 
phous bodies. From the results of the specific gravity 
measurement by an air comparison type specific gravity 
meter, they were found to be solid bodies. 
[0080] According to the present invention, inorganic 
microspheres having a uniform particle size can readily 
be produced on an Industrial scale. When a flammable 
liquid is used as a liquid for the slurry which can subse- 
quently be used for heating the powder in the slurry, the 
heat efficiency and the operation efficiency will be im- 
proved, and microspheres can easily be produced even 
from a material having a high fusing or sintering temper- 
ature. Further, wet pulverization is employed for pulver- 
ization of the material, whereby the pulverization IS 
easy, and the uniformity will be Improved. The portion 
of the material after classification which is not used for 
the product, can be easily recycled to the wet pulveriza- 
tion step, whereby no environmental pollution due to a 
dust will result. Further, when the material is a glass for- 
mulation material, vitrification can simultaneously be ac- 
complished during the spray combustion step, whereby 
no separate step for preparation of glass cullets is re- 
quired. 



Claims 

1. A process for producing inorganic microspheres, 
which comprises pulverizing a material by wet pul- 
verization with a flammable liquid to an average par- 
ticle size of at most 5 \im to obtain a slurry contain- 
ing a pulverized powder material and the flammable 
liquid, spraying the slurry to form liquid droplets, and 
heating the liquid droplets by combustion of the 
flammable liquid of the slurry to fuse or sinter the 
powder material to obtain inorganic microspheres. 

2. The process for producing inorganic microspheres 
according to claim 1. wherein spraying the slurry is 
performed by a two fluid nozzle. 
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3. The process for producing inorganic microspheres 
according to claim 2, wherein the gas to be used for 
spraying is a non-flammable gas, air, oxygen gas 
containing a non-flammable gas or their mixtures. 

4. The process for producing inorganic microspheres 
according to anyone of claims 1 to 3, wherein the 
material is quartz or silica sand. 

5. The process for producing inorganic microspheres 
according to anyone of claims 1 to 4, wherein the 
material contains a powder of a metal oxide having 
an ultraviolet ray absorbing function or its precursor. 

6. The process for producing inorganic microspheres 
according to anyone of claims 1 to 5, wherein the 
powder material contains a blowing agent which 
foams under heating, and the powder material fus- 
es to form microballoons. 



PatentansprQche 

1- Verfahren zum Herstellen von anorganischen Mi- 
krokugeln, welches das Pulverisieren eines Materi- 
als durch Na&pulverisation mit einer entflammba- 
ron F!3sslgkc:t 3uf eirte durchschnittliche Tsllchen- 
grade von hdchstens 5 p.m, um eine Aufschiam- 
mung zu erhalten, die ein pulverisieijes Pulverma- 
terial und die entflammbare Flussigkeit enthalt, das 
Spruhender Aufschlammung zur Bildung von FtOs- 
stgkeitstropfchen und das Erwarmen der Flussig- 
keitstropfchen durch Verbrennung der entflammba- 
re n Flussigkeit der Aufschlammung umfa&t, umdas 
Pulvermaterial zum Erhalten anorganlscher Mikro- 
kugeln zu schmelzen Oder zu sintem. 

2. Verfahren zum Herstellen von anorganischen Mi- 
krokugeln nach Anspruch 1 , wobei das Spruhen der 
Aufschlammung mit einer Zweistoffduse durchge- 
fuhrt wird. 

3. Verfahren zum Herstellen von anorganischen Mi- 
krokugeln nach Anspruch 2, wobei das zum Spru- 
hen zu verwendende Gas ein nicht-entflamm bares 
Gas, Luft, ein Sauerstoffgas, das ein nicht-ent- 
flammbares Gas enthalt, Oder ein Gemische davon 
ist. 

4. Verfahren zum Herstellen von anorganischen Mi- 
krokugeln nach einem der Anspruche 1 bis 3, wobei 
das Material Quarz oder Silictumdioxidsand 1st. 

5. Verfahren zum Herstellen von anorganischen Mi- 
krokugeln nach einem der Anspruche 1 bis 4, wobei 
das Material ein Puhver eines Metalloxids, das eine 
UV-Strahlung-absorbierende Wirfcung aufweist, 
oder dessen Vorlaufer enthalt. 



6. Verfahren zum Herstellen von anorganischen Mi- 
krokugeln nach einem der Anspruche 1 bis 5, wobei 
das Pulvermaterial ein Treibmittel enthalt, welches 
unter Erwarmen aufschaumt, und das Pulvermate- 
s rial unter Bildung von Mikroperlen schmilzt. 



Revendlcatlons 

10 1 . Procede de production de microspheres minerales, 
qui comprend la pulverisation d'une matiere par pul- 
verisation par voie humide avec un liquide inflam- 
mable, jusqu'a une granulomere moyenne d*au 
plus 5 um, pour obtenir une suspension contenant 

15 une matiere pulverulente pulverlsee et le liquide in- 
flammable, la pulverisation de ta suspension pour 
former des gouttetettes liquides. et lechaufTage des 
gouttelettes liquides par combustion du liquide in- 
flammable de la suspension pour faire fondre ou 

20 pour fritter la matiere pulverulente afin dobtenir des 
microspheres minerales. 

2. Procede de production de microspheres mlnerales 
selon la revendication 1 , dans lequel la pulverisa- 

25 tion de la suspension est reaiisee par une buse a 
deux fluldes. 

3. Procede de production de microspheres minerales 
selon la revendication 2, dans lequel le gaz a utillser 

30 pour ta pulverisation est un gaz ininflammable, fair, 
de Toxygene gazeux contenant un gaz ininflamma- 
ble ou leurs melanges. 

4. Procede de production de microspheres minerales 
35 selon Tune quetconque des revendications 1 a 3, 

dans lequel la matiere est du quartz ou du sable de 
silice. 

5. Procede de production de microspheres minerales 
40 selon Tune quelconque des revendications 1 a 4, 

dans lequel la matiere contient une poudre d'un 
oxyde metallique ayant une fonction d'absorption 
des rayons ultraviolets, ou son precurseur. 

« 6. Procede de production de microspheres minerales 
selon Tune quelconque des revendications 1 a 5, 
dans lequel la matiere pulverulente contient un 
agent gonflant qui provoque la formation d'une 
mousse au chauffage, et la matiere pulverulente 

so fond pour former des microba lions. 
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